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1. PURPOSE. T h i s  adv isory  c i r c u l a r  (AC) p rov ides  guide1 i nes  f o r  the  
eva lua t i on  o f  t u r b i n e  engine ( t u r b o j e t ,  turboprop,  and t u r b o s h a f t  ope ra t i ng  
c h a r a c t e r i s t i c s  f o r  subsonic t r a n s p o r t  category a i r p l a n e s .  These guide l  i nes  
descr ibe  a  method o f  demonstrat ing compliance w i t h  t he  a p p l i c a b l e  a i rwo r th i ness  
requirements.  L i k e  a1 1  adv isory  c i r c u l a r  m a t e r i a l  , these gu ide l  i n e s  are n o t  
mandatory and do n o t  c o n s t i t u t e  a  r e g u l a t i o n .  They a re  de r i ved  from FAA 
experience i n  e s t a b l i s h i n g  compliance w i t h  the a i rwo r th i ness  requirements and 
represent  t h e  means and methods found t o  be acceptable by t h a t  exper ience. 
These gu ide l i nes  may n o t  be e n t i r e l y  app l i cab le  t o  a l l  a i r p l a n e  designs. Each 
design should be examined t o  determine whether t h e  suggested methods o f  
e v a l u a t i o n  a re  adequate o r  i f  o the r  methods i n  a d d i t i o n  t o  these may be 
appropr ia te .  

2. RELATED FEDERAL AVIATION REGULATIONS (FAR). The r e l a t e d  FAR i s  S 25.939(a) 
of P a r t  25. Compliance w i t h  S 25.939(c) i s  beyond the  scope of t h i s  AC and 
should be es tab l  \shed by the appl i c a n t  t o  the i a t i s f a c t i o n '  o f  the  appropr ia te  
A i r c r a f t  C e r t i f i c a t i o n  O f f i c e  (ACO) p r i o r  t o  i n i t i a t i n g  the d e t a i l e d  engine 
ope ra t i ng  c h a r a c t e r i s t i c s  t e s t s .  

3. BACKGROUND. The t u r b i n e  engines o f  a  t r a n s p o r t  category a i r p l a n e  must 
cont inue t o  operate s a f e l y  d u r i n g  normal and emergency opera t ion  w i t h i n  the 
range o f  ope ra t i ng  1  i m i t a t i o n s  o f  the  a i r p l a n e .  General l y  , compliance w i t h  
S 25.939(a) can be determined t o  some e x t e n t  w h i l e  a s c e r t a i n i n g  compl iance w i t h  
o ther  P a r t  25 requirements such as performance, c o n t r o l  l a b i  1  i t y  , 
maneuverabi l i ty ,  and s t a l l  s. Turb ine engines should be s tab le  i n  t h e i r  
opera t ion  and run f r e e  o f  adverse c h a r a c t e r i s t i c s  i n  the  normal f l i g h t  regime. 
However, c e r t a i n  adverse c h a r a c t e r i s t i c s  a re  a1 lowed i n  s p e c i f i c  f l i g h t  regimes 
i f  they do n o t  p resen t  a  hazardous cond i t i on .  

4 .  DEFINITIONS. F o r  

Engine S t a l l  : 

. En i n e  Sur e: 
by a  sign1 - - + - T % w  i c a n t  

the  purposes o f  t h i s  AC, the  f o l l o w i n g  d e f i n i t i o n s  apply:  

Flow breakdown a t  one o r  more compressor a i r f o i l s .  

The response o f  the e n t i r e  engine which i s  cha rac te r i zed  
stoppage o r  reversa l  i n  the  compression system. 

c .  De te r ren t  Level  o f  B u f f e t :  A  severe l e v e l  o f  b u f f e t  t h a t  c o n s t i t u t e s  a  
c l e a r  d e t e r r e n t  t o  f u r t h e r  decrease i n  a i rspeed o r  increase i n  angle o f  a t t ack .  

d. En i n e  Dama e: Damage t h a t  i s  i n  excess o f  the  engine manufac tu re r ' s  +--- approved 1mi t s  



e. Normal Opera t ing  Envelope: A l t i t u d e s  between sea l e v e l  and t h e  maximum 
approved ope ra t i ng  a1 t i  tude, a i rspeeds between s t a l l  warning and VMO/MMO, and 
s i d e s l i p  angles app rop r i a te  f o r  t h e  t ype  of a i r p l ane .  

f. Abnormal F l i g h t  Condi t ions:  F l i g h t  c o n d i t i o n s  o u t s i d e  t h e  normal 
opera t ing  envelope. 

5. ENGINE OPERATING CHARACTERISTICS. Adverse engine ope ra t i ng  c h a r a c t e r i s t i c s  
range from m i l d  t o  severe and a re  c l a s s i f i e d  i n t o  t h r e e  l e v e l s  of s e v e r i t y  f o r  
the  purpose of d e f i n i n g  acceptable operat ion.  These c h a r a c t e r i s t i c s  a re  
surrmarized i n  Appendix 1. 

a. M i l d  adverse ope ra t i ng  c h a r a c t e r i s t i c s  inc lude :  minor compressor 
s t a l l s ;  1 i gh t ,  a u d i b l e  surges; no perce ived  power loss ;  no engine damage (see 
DEFINITIONS); and immediate r e t u r n  t o  normal operat ion.  Engine ope ra t i ng  
i n s t a b i l i t y  i s  b r i e f  and o f  minor i n t e n s i t y ,  and crew a c t i o n  i s  n o t  r e q u i r e d  
f o r  recovery. 

b. Moderate adverse ope ra t i ng  c h a r a c t e r i s t i c s  i nc l ude  aud ib le  surges and 
compressor s t a l l s ,  a momentary l o s s  of t h r u s t ,  an exceedance of cont inuous 
engine opera t ing  l i m i t s  up t o  t he  approved t r a n s i e n t  l i m i t s ,  a temporary r o t o r  
speed decrease from IDLE t o  sub-IDLE, o r  slow engine acce le ra t ion .  Power l e v e r  
movements are not  norma l l y  r e q u i r e d  t o  r e s t o r e  s t a b l e  engine operat ion;  
however, minor power l e v e r  movements may be a l lowed p rov ided  t he  FAA and t he  
engine manufacturer concur, t he  r e q u i r e d  crew a c t i o n s  are simple and 
i n s t i n c t i v e ,  and t h e  procedures are inc luded  as p a r t  o f  f l i g h t c r e w  t r a i n i n g .  
Engines are not  damaged dnd are capable of r ecove r i ng  t o  f u l l  t h r u s t  w i t hou t  
subsequently exceeding any engine 1 im i  t s .  

c. Severe adverse ope ra t i ng  c h a r a c t e r i s t i c s  u s u a l l y  a re  cha rac te r i zed  by 
loud, aud ib le  surges r e s u l t i n g  i n  de t r imen ta l  e f fects  on a i r p l a n e  performance 
and c o n t r o l l a b i l i t y .  One o r  more o f  t he  f o l l o w i n g  c h a r a c t e r i s t i c s  a re  present:  

(1) Engine s t a l l  o r  surge which r e q u i r e s  l a r g e  o r  r a p i d  power l e v e r  
movements o r  adjustment of o the r  engine c o n t r o l s  f o r  recovery  o r  at tempted 
recovery.  

( 2 )  A s u b s t a n t i a l ,  susta ined t h r u s t  loss.  

( 3 )  Engine f lameout o r  r e q u i r e d  engine shutdown. 

( 4 )  Engine damage (see DEFINITIONS). 

( 5 )  Engine v i b r a t i o n  r e q u i r i n g  power r e d u c t i o n  o r  engine shutdown. 

( 6 )  Engine c o n d i t i o n s  t h a t  r e s u l t  i n  a hazardous cab in  pressure loss.  

( 7 )  F a i l u r e  o f  the engine r o t o r ( s )  t o  accelerate.  

6 .  FACTORS AFFECTING ENGINE OPERATING CHARACTERISTICS. Fac to r s  t h a t  may cause 
t he  engine t o  operate adverse ly  are numerous, var ied, and complex. Recogn i t ion  
of these f a c t o r s  and t h e i r  impact on t u r b i n e  engine ope ra t i ng  c h a r a c t e r i s t i c s  i s  
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e s s e n t i a l  t o  d e f i n i n g  a  s u i t a b l e  a i rwo r th i ness  compl iance t e s t  program. Some o f  
t h e  more dominant f a c t o r s  are:  

a. Engine i n s t a l l a t i o n  e f f e c t s  such as t he  design o f  t he  i n l e t  and exhaust 
systems, i n l e t  suck- in  doors, a n t i - i c e  system, f u e l  system, t ype  o f  f u e l ,  e t c .  

b. Loca t ion  of  t he ,  engine on the  a i r p l a n e  and i t s  p r o x i m i t y  t o  a i r f l o w  
d is tu rbance  caused by the  fuse lage,  wing, l a n d i n g  gear, f l a p s ,  e t c .  

c .  C o n f i g u r a t i o n  o f  t he  a i r p l a n e  ( f l a p  p o s i t i o n ,  speed brakes, gear 
p o s i t i o n ,  e t c . )  t h a t  can cause a i r f l o w  d is tu rbance  t o  the  engine. 

d. Atmospheric c o n d i t i o n s  such as a1 t i  tude, ambient temperature,  i c  
windshear, e t c .  

e .  Engine c o n t r o l  c h a r a c t e r i s t i c s  ( i n c l u d i n g  t h e  e f f e c t s  o f  t r i m  t o  
o f  v a r i a b l e  i n l e t  guide vanes, surge b leed  val  ves, a u t o - t h r o t t l e  , f u e l  

i ng ,  

1  erance 

c o n t r o l  s  , temperature/speed c o n t r o l  s  , e tc  . 
f. Engine gas generator design ( s t a l l  margins,  compressor o p e r a t i n g  1  i n e ,  

compressor p ressure  r a t i o ,  a c c e l e r a t i o n  s t a l l  bucke t  (Wf/Pb vs.  N ) ,  e t c . ) .  

g. Wind d i r e c t i o n  and i n t e n s i t y  d u r i n g  t a k e o f f ,  l and ing ,  and t a x i i n g .  

h. F l i g h t  c o n d i t i o n  ( a i r p l a n e  a t t i t u d e ,  c o n f i g u r a t i o n ,  f l i g h t  regime, 
engine power s e t t i n g ,  a i r p l a n e  "G" l oad ing ,  f l i g h t  t r a n s i e n t s ,  and f l i g h t  
hand1 i n g  techn iques) .  

i. Engine accessor ies and equipment ( b l eed  a i r  and power e x t r a c t i o n ) .  

j. P i l o t  technique used i n  man ipu la t i ng  engine c o n t r o l s .  

7. FLIGHT TEST EVALUATION OF ENGINE OPERATING CHARACTERISTICS. 

a. Tes t  c o n d i t i o n s  f o r  demonstrat ing compliance w i t h  § 25.939(a) should be 
based upon an assessment o f  a l l  f ac to r s  a f f e c t i n g  engine ope ra t i ng  
c h a r a c t e r i s t i c s .  D e t a i l s  o f  t he  engine design (and i t s  c o n t r o l  system as 
de f i ned  i n  t h e  engine i n s t a l l a t i o n  and o p e r a t i n g  manuals) and the  e f f e c t s  o f  the 
engine i n s t a l l a t i o n  on the a i r p l a n e  should be cons idered.  The l o c a t i o n  o f  the 
engine and i n l e t  on t he  a i r p l a n e  can make the  engine more suscep t i b l e  t o  
ope ra t i ng  i n s t a b i l i t y  under c e r t a i n  regimes o f  f l i g h t .  The p o s s i b i l i t y  o f  
engine o p e r a t i n g  problems e x i s t i n g  i n  some f l i g h t  regimes should always be 
expl  ored where exper ience and reasoning war ran t .  The s p e c i f i c  f l i g h t  and 
ambient c o n d i t i o n s  t h a t  produce engine o p e r a t i n g  i n s t a b i l i t y  a r e  n o t  always 
ev iden t  on t he  b a s i s  o f  eng ineer ing  knowledge and eva lua t i on .  

b .  The o p e r a t i n g  c h a r a c t e r i s t i c s  t e s t s  should be conducted u t i l i z i n g  any 
. -2r:rol system, i n c l u d i n g  superv isory  e l e c t r o n i c  engine c o n t r o l s  and f'< - - " ^  

a u t o - t h r o t t l e s ,  f o r  which c e r t i f i c a t i o n  i s  requested. The engine ope ra t i ng  
c h a r ~ c t e r i  s t i c s  eva lua t i on  should a1 so cons ider  t r a n s i e n t  and s t a b l e  opera t ion  
o f  engine accessor ies  and equipment, such as a i r  c o n d i t i o n i n g  packs, a n t i - i c e  
systems, and e l e c t r i c a l  generator  1  oads and t h e i r  e f f e c t s  on engine o p e r a t i n g  
c h a r a c t e r i s t i c s .  
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c .  o f  engine o p e r a t i n g  c h a r a c t e r i s t i c s  should 
cc , l s ide r  t i o n s  except  those p rec luded  by A i r p l ane  F l i g h t  
Manual l i m i t a t i o n s  o r  procedures.  C e r t a i n  a i r p l a n e  c o n f i g u r a t i o n s  may be 
1  i m i t e d  as a  f u n c t i o n  o f  a1 t i t u d e  and/or a i rspeed .  However, a  minimum a i rspeed  
1 i m i t  by i t s e l f  i s  n o t  cons idered  an adequate warn ing means t o  p rec lude  the low 
a i rspeed  e v a l u a t i o n  o f  i n f l i g h t  eng ine o p e r a t i n g  c h a r a c t e r i s t i c s .  I f  a  s t i c k  
shaker i s  used f o r  a i r p l a n e  s t a l l  warning, i t s  a c t u a t i o n  may be rescheduled t o  
operate  a t  a  h i g h e r  a i r speed  t o  warn o f  impending adverse engine o p e r a t i n g  
c h a r a c t e r i s t i c s .  

d .  S p e c i f i c  ground and f l i g h t  t e s t  procedures and c r i t e r i a  a re  suggested i n  
paragraph 8 o f  t h i s  AC. The complete s e t  o f  t e s t  procedures p e r t a i n  t o  t he  
i n i t i a l  approval  o f  an a i r p l a n e  engine i n s t a l  l a t i o n .  Fo r  f o l  low-on engine 
i n s t a l  1  a t i o n  changes such as engine t h r u s t  (power) r a t i n g  changes, i n l e t  
m o d i f i c a t i o n s ,  engine systems m o d i f i c a t i o n ,  e t c . ,  p o r t i o n s  of the recommended 
t e s t s  t h a t  a re  deemed necessary should  be conducted. When conduc t ing  the  t e s t s  
descr ibed i n  paragraph 8,  an i s o l a t e d  occurrence o f  an apparent hazardous 
adverse engine o p e r a t i n g  c h a r a c t e r i s t i c  may n o t  n e c e s s a r i l y  c o n s t i t u t e  f a i l u r e  
i n  s a t i  s f y i n g  the  requi rements  imposed by § 25.939(a).  A d d i t i o n a l  successfu l  
t e s t i n g  and/or eng inee r i ng  a n a l y s i s  may prove t h a t  t he  suspected adverse engine 
ope ra t i ng  c h a r a c t e r i s t i c  i s  n o t  p r e v a l e n t  and does n o t  c o n s t i t u t e  an unsafe 
c o n d i t i o n .  For  s a f e t y ,  most o r  a l l  o f  t h e  " t r a n s i e n t  power" and " e n g i n e / i n l e t  
compat ib i  li ty" t e s t i n g  descr ibed  below should be con f i ned  t o  check ing one 
engine a t  a  t ime  o r  t o  t h a t  engine which i s  most c r i t i c a l  because o f  i t s  
l o c a t i o n  on t he  a i r p l a n e .  

8. GROUND AND FLIGHT TEST PROCEDURES. To achieve the  l e v e l  o f  sa fe t y  requi9.d 
by § 25.939(a),  the  f o l l o w i n g  t e s t s  and c r i t e r i a  have gene ra l l y  been found by 
exper ience t o  be an accep tab le  method o f  demons t ra t ing  engine o p e r a t i n g  
c h a r a c t e r i s t i c s .  However, c e r t a i n  engine i n s t a l l a t i o n s  may r e q u i r e  t e s t s  a t  
o t he r  f l i g h t  c o n d i t i o n s ,  i f  those c o n d i t i o n s  a re  deemed c r i t i c a l .  These t e s t s  
a re  u s u a l l y  q u a l i t a t i v e  and r e q u i r e  no spec ia l  i n s t r umen ta t i on .  A summary o f  
t he  t e s t  c r i t e r i a  i s  shown i n  Appendix 2 .  

a. Engine Ope ra t i ng  C h a r a c t e r i s t i c s  Du r i ng  Tax i ,  Takeoff ,  and Landing. 
Except as no ted  be1 ow, adverse enqine o p e r a t i n s  c h a r a c t e r i s t i c s  should  n o t  e x i s t  
d u r i n g  the  f o l  l o w i n g  t a x i ,  t a k e o f f ,  and' l a n d i n g  segnents. Compliance w i t h  t h i s  
sec t i on  should  be e s t a b l i s h e d  a t  t h e  maximum demonstrated crosswind component 
and 150 percen t  of t he  l i m i t i n g  t a i l w i n d  component f o r  those components g rea te r  
than 10 kno ts .  

( 1  ) Tax i i ng :  No adverse engine o p e r a t i n g  c h a r a c t e r i s t i c s  ( m i l d ,  
moderate, o r  severe)  should  e x i s t  d u r i n g  t a x i i n g  except  f o r  ope ra t i on  i n  
crosswinds and t a i  1  winds where m i l d  adverse o p e r a t i n g  c h a r a c t e r i s t i c s  a re  
acceptab le .  

( 2  J Takeo f f :  No adverse engine o p e r a t i n g  c h a r a c t e r i s t i c s  ( m i l d ,  
moderate, o r  severe)  should  e x i s t  a f t e r  the power s e t t i n g  phase (no rma l l y  

% 1 

corn, ' . , ,,, 63 t o  80 k n o t s )  o f  the t a k e o f f  procedure through a t t a i nmen t  o f  the 
enrou te  c o n f i g u r a t i o n  and c l imb  t o  1,500 ft. above t he  a i r p o r t .  Du r i ng  t he  
powcr s e t t i n g  phase o f  the  t a k e o f f  r o l l ,  m i l d  adverse c h a r a c t e r i s t i c s  a re  
acceptab le  f o r  ope ra t i on  i n  crosswinds and t a i l w i n d s .  The t e s t s  may be 
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conducted us ing  the appl i c a n t  ' s  recommended power s e t t i n g  procedures, provided 
they are acceptable f o r  operat ion and are considered i n  e s t a b l i s h i n g  the  
Ai rp lane F l  i ght Manual t akeo f f  performance. 

Note: S a t i s f a c t o r y  engine opera t ing  c h a r a c t e r i s t i c s  should be demonstrated 
m n g  a1 1 t a k e o f f  performance t e s t s .  Tests should a1 so be conducted t o  
determine i f  any engine opera t ing  problems e x i s t  f o r  t akeo f f s  conducted 
throughout the  a l t i t u d e  range approved f o r  takeof f .  

( 3 )  Approach and Landing: No adverse engine opera t ing  c h a r a c t e r i s t i c s  
(mi ld ,  moderate, o r  severel should e x i s t  du r ing  the approach t o  landing from 
1,500 f t .  above the a i r p o r t  e leva t ion ,  and du r ing  l a n d i n g  and r o l l o u t ,  i n c l u d i n g  
the use o f  t h r u s t  reversers a t  speeds dew t o  the recommended " c u t o f f "  speed, i f  
app l icab le .  A t  speeds l ess  than the recommended " c u t o f f "  speed, m i l d  o r  
moderate adverse opera t ing  c h a r a c t e r i s t i c s  f o r  ground t h r u s t  reverser  operat ion 
may be acceptable when using the appl i c a n t  ' s  recommended procedure ( i n c l u d i n g  
power l e v e r  movements), prov ided the FAA and engine manufacturer concur t h a t  a 
hazardous c o n d i t i o n  does no t  e x i s t .  During l a n d i n g  r o l l  out,  m i l d  adverse 
engine ope ra t i ng  c h a r a c t e r i s t i c s  are acceptable wh i l e  opera t ing  i n  crosswinds 
and t a i l w i n d s .  

Note: S a t i s f a c t o r y  engine opera t ing  c h a r a c t e r i s t i c s  should be demonstrated 
d u r i n g  a l l  l a n d i n g  performance t e s t s  conducted w i t h i n  the normal engine 
opera t ing  range. Tests should a l s o  be conducted t o  determine i f  any engine 
operat ing problems e x i s t  f o r  approaches and 1 andings conducted throughout the 
a1 ti tude range approved f o r  1 anding. 

( 4 )  Reverse Thrust  (Power) Backing: I f  approval f o r  reverse t h r u s t  
backing i s  des i red  by the app l i can t ,  acceptable engine opera t ing  c h a r a c t e r i s t i c s  
should be demonstrated. Using the appl i c a n t ' s  recommended procedures ( i n c l u d i n g  
power l e v e r  movements), m i  l d  o r  moderate adverse opera t ing  c h a r a c t e r i s t i c s  may 
be acceptable f o r  reverse t h r u s t  backing provided the FAA and engine 
manufacturer concur t h a t  a hazardous cond i t i on  does n o t  e x i s t .  

b. Trans ien t  Power Operat ing Charac te r i s t i cs .  For normal a i rp lane and 
engine con f i gu ra t i ons ,  no adverse engine opera t ing  c h a r a c t e r i s t i c s  o f  any k i n d  
should e x i s t  w i t h i n  the normal a i rp lane opera t ing  envelope dur ing  engine 
t r a n s i e n t  power cond i t i ons  unless i t  i s  determined t h a t  they do n o t  con t r i bu te  
t o  a hazardous s i t u a t i o n ,  requ i re  immediate crew ac t ion ,  o r  damage the engine(s).  
For abnormal a i r p l a n e  and engine con f i gu ra t i ons  addressed by A i rp lane F l  i ght 
Manual procedures, no moderate o r  severe adverse engine opera t ing  
c h a r a c t e r i s t i c s  should e x i s t  w i t h i n  the normal a i rp lane  opera t ing  envelope. 
A f t e r  an engine shutdown, the remaining engine(s)  i s  considered t o  be i n  a 
normal s ta te ,  i n c l u d i n g  any requ i red  b leed a i r  and accessory power ex t rac t i on  
changes. M i l d  adverse engine opera t ing  c h a r a c t e r i s t i c s  are a1 lowed dur ing  
abnormal f l i g h t  cond i t i ons  (e.g., airspeeds below i n i t i a l  low speed b u f f e t ) .  
Wher~ us ing  the above c r i t e r i a ,  the f o l  low ing engine acce lera t ion /dece lera t ion  
and engine ope ra t i ng  t e s t s  a re  the recommended procedures t o  be used t o  
u~,.II,J,, s t r a t e  s a t i s f a c t o r y  t r a n s i e n t  operat ing cha rac te r i  s t i c s  . The t e s t s  should 
he conducted us ing  the most c r i t i c a l  engine c o n t r o l  system con f i gu ra t i on  
d p y  uved f o r  d i  spatch . 
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accel  -decel ( j a m  a c c e l e r a t i o n s )  t e s t s  should be conducted 
ne second o r  l e s s )  t he  power l e v e r  from s t a b i l i z e d  IDLE t o  

s e t t i n g ,  a l l o w i n g  the  engine t o  s t a b i l i z e ,  and then r a p i d l y  
l e v e r  back t o  IDLE. 

( 2 )  I n t e r r u p t e d  engine dece le ra t i on  t e s t s  [Bodies 1 should be conducted 
by a r a p i d  dece le ra t i on  (power l e v e r  t o  IDLE s top )  f o l l owed  by a r a p i d  
a c c e l e r a t i o n  back t o  the i n i t i a l  power l e v e r  p o s i t i o n  when the engine r o t o r  
speed passes through a s p e c i f i e d  turnaround speed. Several  d i f f e r e n t  turnaround 
speeds, i n c l  u d i n g  IDLE, a re  requ i red  un less the c r i t i c a l  speed (minimum surge 
marg in)  has been i d e n t i f i e d  by the engine manufacturer.  

Note: The t e s t s  descr ibed  i n  paragraphs ( 1 )  and ( 2 )  above should be conducted - 
u s l n g  t he  maximum t h r u s t  (power) approved f o r  the  t e s t  a l t i t u d e  a3 the f o l l o w i n g  
speed/al t i t u d e  p o i n t s  and any o the rs  deemed c r i t i c a l  : 

e As near  as p r a c t i c a l  t o  VMO/MMO (maximum ope ra t i ng )  and 
VIB ( i n i t i a l  b u f f e t )  + 10 kno ts  and i n i t i a t e d  a t  t he  maximum approved 
o p e r a t i n g  a1 ti tude, and 

e VFE ( f l a p s  extended),  and VIB + 10 kno ts  a t  an a l t i t u d e  1,500 
ft . above t he  maximum approved t a k e o f f  a1 ti tude.  

These t e s t s  s p e c i f y  r a p i d  power l e v e r  movements t o  eva lua te  the engine c o n t r o l  
system response t o  a r a p i d l y  changing demand f o r  t h r u s t  (power).  I n  most cases, 
r a p i d  power l e v e r  movements have prov ided the l e a s t  s t a l l  margin d u r i n g  engine 
acce le ra t i on  and dece le ra t i on  t e s t s .  However, some engines have been found t o  
be more s e n s i t i v e  t o  s low power l e v e r  movements because o f  c o n t r o l  system 
fea tu res  t h a t  depend f i e  r a t e  o f  engine a c c e l e r a t i o n  o r  dece le ra t i on .  An 
example i s  a norma l l y  modulat ing b leed  valve t h a t  goes t o  the f u l l  open p o s i t i o n  
d u r i n g  r a p i d  t h r u s t  (power) changes. I n  t h i s  case, t h e  engine c o n t r o l  system 
should be analyzed and t h e  appropr ia te  accel-decel  t e s t s  performed u s i n g  the  
most c r i t i c a l  power l e v e r  man ipu la t ion  ra tes .  

( 3 )  Engine acce le ra t i on  t e s t s  should be conducted by r a p i d l y  advancing 
the  power l e v e r s  f rom IDLE t o  maximum t h r u s t  (power) as t he  a i r p l a n e  s t a l l s  and 
a normal recovery i s  i n i t i a t e d  (see § 25.201(d) o f  the FAR f o r  s t a l l  d e f i n i t i o n ) .  
These t e s t s  should be conducted u s i n g  the  c r i t i c a l  f l a p  c o n f i g u r & t i o n  and a t  
a1 ti tudes s u f f i c i e n t  t o  v e r i f y  acceptable engine ope ra t i ng  c h a r a c t e r i s t i c s  f o r  
t h e  a1 t i  tude range approved f o r  land ing .  ( M i l d  adverse engine o p e r a t i n g  
c h a r a c t e r i s t i c s  a re  acceptable f o r  these t e s t s .  ) 

( 4 )  Low r a t e  descents a t  IDLE t h r u s t  (power) should be conducted from 
w i t h i n  3,000 f t .  o f  t h e  maximum approved ope ra t i ng  a l t i t u d e  t o  10,000 f t .  
a l t i t u d e .  A t  the bottom o f  descent, the  engines should acce le ra te  norma l l y  t o  
maximum cont inuous t h r u s t  (power) .  

c .  E n g i c e / I n l e t  C o m p a t i b i l i t y  Tests .  The purpose o f  t h i s  f l i g h t  t e s t  i s  t o  
i n v e s t i g a t e  the  e f f e c t s  o f  d i s t o r t e d  e n g i n e - i n l e t  a i r f l o w  t h a t  may r e s u l t  from 
unusual a i r p l a n e  a t t i t u d e s  i n  the  normal and emergency ope ra t i ng  range o f  the 
a i r p l a n e .  I n l e t  a i r f l o w  d i s t o r t i o n  may cause adverse engine o p e r a t i n g  
c h a r a c t e r i s t i c s .  Q u a l i t a t i v e  f l i g h t  t e s t s ,  such as sides1 i p s ,  windup t u r n s  o r  
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symmetrical pu l l - ups ,  and approaches t o  power-on s t a l l s ,  may be used t o  
demonstrate s a t i s f a c t o r y  engine o p e r a t i n g  c h a r a c t e r i s t i c s  a t  h i g h  t h r u s t  (power) 
s e t t i n g s  and ang les  o f  a t t a c k .  

( 1 )  The f o l  l o w i n g  t h r u s t  (power) s e t t i n g s  a re  recommended: 

( i )  Use t h r u s t  (power) s e t t i n g s  up t o  t he  maximum approved t h r u s t  
(power) l i m i t  a t  a l t i t u d e s  up t o  1,500 f t .  above t h e  maximum approved t a k e o f f  
a1 t i  tude . 

( i  i ) From the maximum a1 t i tude cons idered  i n  paragraph ( i ) up t o  
t h e  maximum a l t i t u d e  approved f o r  opera t ion ,  t he  engines should be operated a t  
t h r u s t  (power) s e t t i n g s  up t o  the maximum cont inuous t h r u s t  (power) l i m i t  f o r  
t he  t e s t s .  

( 2 )  The degree of a d v e r s i t y  a l lowed f o r  engine o p e r a t i n g  
c h a r a c t e r i s t i c s  depends on the  a i r p l a n e  speed range be ing  considered: 

( i  ) No adverse engine ope ra t i ng  c h a r a c t e r i s t i c s  should e x i s t  
w i t h i n  t h e  normal a i r p l a n e  o p e r a t i n g  envelope f rom VMQ/MMQ down t o  n a t u r a l  o r  
a r t i f i c i a l  ( s t i c k  shaker) s t a l l  warning cues used t o  show compliance w i t h  
§ 25.207. However, a t  a l t i t u d e s  g rea te r  than 3,000 ft. above t he  h i ghes t  
a1 ti tude approved f o r  t a k e o f f  and 1 anding, mi l d  adverse ope ra t i ng  
c h a r a c t e r i s t i c s  nay be pe rm i t t ed  i f  i t  i s  determined t h a t  they do n o t  c o n t r i b u t e  
t o  a hazardous s i t u a t i o n .  

( i i  ) A t  a1 ti tudes up t o  3,000 f t .  above the maximum approved 
t a k e o f f  a l t i t u d e ,  between t he  angle of a t t ack  f o r  s t a l l  warning and an angle 
t h a t  exceeds the  s t a l l  warning angle by an amount t h a t  might  occur d u r i n g  
recovery f rom a dynamic pene t ra t i on  pas t  s t a l l  warning, the  engines should be 
f r e e  o f  moderate o r  severe adverse engine ope ra t i ng  c h a r a c t e r i s t i c s .  However, 
a t  a l t i t u d e s  g rea te r  than 3,000 ft. above the  h i g h e s t  a l t i t u d e  approved f o r  
t a k e o f f  and 1 anding, m i l d  and moderate adverse ope ra t i ng  c h a r a c t e r i s t i c s  may be 
pe rm i t t ed  i f  i t  i s  determined t h a t  they do n o t  c o n t r i b u t e  t o  a hazardous 
s i t u a t i o n  . 
Note: F l i g h t  maneuvers t o  an angle o f  a t t ack  t h a t  exceeds the s t a l l  warning 
m e  by approx imate ly  10 percen t  w i l l  f u l f i l l  t he  i n t e n t  o f  t h i s  requirement 
a l though o the r  proposals  o f f e r e d  by the a p p l i c a n t  w i l l  be cons idered i f  they are 
based on sound reason ing  t h a t  r e l a t e s  t o  the  a p p l i c a n t ' s  s p e c i f i c  design. 
Dur ing  t he  windup t u r n  and approach t o  s t a l l ,  t he  a i r p l a n e  angle o f  a t t ack  
should be inc reased  t o  t h a t  p o i n t  be fo re  recovery i s  i n i t i a t e d ,  un less one o f  
the  f o l l o w i n g  c o n d i t i o n s  i s  reached f i r s t :  

a An FAA approved s t r u c t u r a l  l i m i t ,  o r  

A c o n t r o l l a b i l i t y  l i m i t ,  o r  

A d e t e r r e n t  l e v e l  o f  b u f f e t  o r  an a r t i f i c i a l  b a r r i e r  ( s t a l l  p reven t ion  
dev ice ) .  

( 3 )  I f  s t a l l  c h a r a c t e r i s t i c s  and/or s t a t i c  d i r e c t i o n a l  and l a t e r a l  
s t a b i l i t y  t e s t i n g  i s  r equ i red  f o r  a i r f r ame  approval ,  t he  engines should n o t  
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exh ib i t  any severe adverse operating charac te r i s t i cs  dur ing these tes ts  whi le 
outside of the normal operating envelope. Thrust (power) set t ings appropriate 
f o r  the type o f  t e s t  being conducted should be used. 

9. IN-FLIGHT OPERATED AUXILIARY POWER W I T S .  The operating charac te r i s t i cs  of  
i n f l i  ght operated a u x i l i a r y  power unf t s  (APU) may be evaluated concurrently w i th  
the engine/ in let  compat ib i l i t y  tests.  The APU should not exh ib i t  any hazardous 
adverse operat ing charac te r i s t i cs .  The APU operating charac te r i s t i cs  should be 
checked w i t h i n  the APU operating envelope while operating i n  the most c r i t i c a l  
mode w i th  respect t o  power ext rac t ion and pneumatic a i r  supply as appropriate 
f o r  the f l i g h t  condi t ion.  A nonessential APU may be shut down, using adequate 
annunciation and normal procedures, as a means t o  prevent a hazardous s i tua t ion .  
However, i f  an APU i s  t o  perform essential tasks, then i t  mist  continue t o  
perform those functions. 

LEROY A. KEITH 
Manager, A i r c r a f t  C W t i  f i c a t i m  ,Divf sion , PHM-100 

Page 8 Par 8 



AC 25.939-1 
Appendix 1 

APPENDIX 1. SUMMARY OF D E F I N I T I O N S  

Level of s e v e r i t y  i s  determined by the occurrence o f  one o r  more o f  the most 
severe c h a r a c t e r i s t i c s  . 

ADVERSt EN GINE OPERAT I N  G CHARACTERISTICS 

AUDIBLE SURGES 

OPERATING I N S T A B I L I T Y  

ENGINE ROTOR ACCELERATION 

ENGINE L I M I T S  EXCEEDANCE 

POWER LOSS/ROTOR SPEED DECREASE 

ENGINE VIBRATION 

CREW ACTION REQUIRED FOR RECOVERY 

ENGINE FLAMEOUT 

EN GIN E DAMAGE 

HAZARDOUS CABIN PRESSURE LOSS 

M I L D  

YES 

MINOR/ 
B ~ I E F  

NORMAL 

NONE 

NONE 

NONE 

NO 

NO 

NO 

NO 

MODERATE 

YES 

YES 

SLOW 

B R I E F  

TEMPORARY 

M I N  OR 

MAY BE 

NO 

NO 

NO 

SEVERE 

YES 

YES 

NONE 

SUBSTANTIAL 

SUBSTANTIAL 

REQUIRES 
SHUTDOWN 

YES 

YES 

YES 

YES 
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POWER LOSS/ROTOR SPEED DECREASE 
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ENGINE FLAMEOUT 

EN GIN E DAMAGE 

HAZARDOUS CABIN PRESSURE LOSS 

M I L D  

YES 

MINOR/ 
B ~ I E F  

NORMAL 

NONE 

NONE 

NONE 

NO 

NO 

NO 

NO 

MODERATE 

YES 

YES 

SLOW 
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TEMPORARY 

M I N  OR 

MAY BE 

NO 

NO 

NO 

SEVERE 

YES 

YES 

NONE 

SUBSTANTIAL 

SUBSTANTIAL 

REQUIRES 
SHUTDOWN 

YES 

YES 

YES 

YES 
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Appendix 2 

APPENDIX 2. RECOMMENDED TEST CRITERIA 

ENGINE OPERATING CHARACTERISTICS TESTS 

TAKEOFF & LANDING OPERATIONS 

a T a x i i n g  (Calm A i r )  
I n  Crosswinds o r  Ta i lw inds  

e Takeof f  (Calm A i r )  
I n  Crosswinds o r  "Ta i lw jnds 

e Approach & Landing (Calm A i r )  
I n  Crosswinds o r  Ta i lw inds  
A t  Speeds Below Reverser 

"Cutof f "  Speed 

r Reverse T h r u s t  (Power) Back ing 

TRANSIENT POWER CONDITIaS 

e Jam Accel s & Decels 

Bodies ( I n t e r r u p t e d  Dece le ra t i on )  

e A i rp l ane  S t a l l  Recovery 
( " I d l e "  t o  "Max. Power") 

For the Above T rans ien t  Tests :  

A t  Abnormal A i r p l ane  & Eng. Conf. 

e Cold Soak Descent & Recovery 

ENGINE AIRFLOW DISTORTION TESTS 

e S i d e s l i p s ,  Windup t u rns ,  o r  
Symmetrical p u l l  -ups, Approaches 
t o  Power-On S t a l l s :  

1. VMO t o  s t a l l  warning 
@ A1 t. w e l l  above T.O. & Land. 

2. Speeds below s t a l l  warn ing 
Q A l t .  w e l l  above T.O. & L a n d .  I 

e Ai r f rame S t a l l s  & Sides1 i p s  Q 
I c o n d i t i o n s  ou t s i de  normal ope ra t i ng  
L envel ope ( i f  r e q u i r e d ) .  

X = ALLOWED 

ADVERSE EN GIN E 1 
OPERA 

NaJE 

X 
X 

X 
X 

X 
X 
X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 

:NG CHA 
MILO 

X 

X 

X 
X 

X 

X 

X 

0 = MAY BE ALLOWED (FAA & ENGINE MFG. MUST CONCUR ) 
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